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ORZSUHVVXUH VHFWLRQV $V WKH PDLQ GLUHFWLRQ RI QXFOHDU VWHDP WXUELQH LQ WKH IXWXUH ZHOGHG URWRUV VLPSOLI\
SURFHGXUHVRIIRUJLQJDQGZRUNVWDEO\LQRSHUDWLRQKRZHYHULWLVQRWLFHDEOHWKDWWKHMRLQWVRIZHOGHGURWRUVDUHWKH
PRVWVXVFHSWLYH]RQHVZLWKZHOGLQJSURFHVVFDXVLQJFKHPLFDODQGPLFURVWUXFWXUHFKDQJLQJZLWKKLJKWHPSHUDWXUH
0DQ\UHVHDUFKHVUHYHDOHGPLFURKDUGQHVVYDULHGZLWKWKHJUDLQVL]H WKHFDUWRQFRQWHQWDQGWKHPHWDOOLFSKDVH
FRQWHQWVRRQLQWKHGLIIHUHQW]RQHVRIZHOGHGMRLQWVRQPDQ\PDWHULDOV,QDGGLWLRQWKHSUHFLSLWDWLRQVRIFDUELGHV
WKHKLJKGHQVLW\RIGLVORFDWLRQVDQGWKHKLJKGHQVLW\RIPLFURWZLQVDUHLPSRUWDQWWRVWUHQJWKHQPLFURKDUGQHVV>@
0LQJOLDQJ=KXDQG)X]KHQ;XDQ>@VWXGLHGWKHFRUUHODWLRQLQGHWDLOEHWZHHQKDUGQHVVDQGPLFURVWUXFWXUHLQ+$=
RI GLVVLPLODU ZHOGV RI URWRU VWHHOV DQG VHOHFWHG ODWK ZLGWK RI WKH WHPSHUHG PDUWHQVLWHV DV WKH FKDUDFWHULVWLF
PLFURVWUXFWXUHVL]HIRUFRUUHODWLQJWKHKDUGQHVVWKHKDUGQHVVJUHZZLWKWKHODWKZLGWKLQFUHDVHG+RZHYHU1,QRXH
HWDO>@UHSRUWHGWKDWKDUGQHVVLQFUHDVHGZLWKWKHODWKZLGWKGHFUHDVLQJ3%DOD6ULQLYDVDQHWDO>@KDYHDGGUHVVHG
WKHGHYHORSPHQWRIDPDUWHQVLWLFVWUXFWXUHDQGIRUPDWLRQRIFKURPLXPPRO\EGHQXPFDUELGHVLQWKHIXVLRQ]RQHOHDG
WR KLJKHU KDUGQHVV LQ WKH ZHOGHG MRLQWV 0RUHRYHU ', 3DQWHOLV HW DO>@ DOVR IRXQG PDUWHQVLWH KDG WKH KLJKHU
KDUGQHVVWKDQWKDWRIRWKHUPHWDOOLFSKDVHV,QDGGLWLRQKDUGQHVVLQFUHDVHGDVWKHJUDLQVL]HGHFUHDVHG>@
&RUURVLRQ VXVFHSWLELOLW\ DOVR GHSHQGHG RQ GLIIHUHQWPLFURVWUXFWXUHV RI YDULRXV VWHHOV 3%DOD 6ULQLYDVDQ HW DO
>@UHSRUWHG WKDW KLJKHU IHUULWH FRQWHQW SURPRWHG JDOYDQLF LQWHUDFWLRQV ZLWK WKH PDWUL[ DQG OHDGHG WR KLJKHU
GLVVROXWLRQUDWHVZKLFKPDNHGORZHUJHQHUDOFRUURVLRQUHVLVWDQFH0'3HUHGDHWDO>@DOVRIRXQGWKDWįIHUULWHLQ
WKH&U1L0RLQFUHDVHGFRUURVLRQVXVFHSWLELOLW\EHFDXVHLWSURPRWHGWKHSUHFLSLWDWLRQRIFDUELGHVDQGWKHIRUPDWLRQ
RIFKURPLXPGHSOHWHG+RZHYHU0'DGIDUHWDO >@UHSRUWHG WKDWįIHUULWHZDVQRWGHWULPHQWDO WR WKHFRUURVLRQ
UHVLVWDQFHLQZHOGHGDXVWHQLWLFVWDLQOHVVVWHHOV0DQ\VWXGLHVUHYHDOHGWKDWWKHFRUURVLRQUHVLVWDQFHGHFUHDVHGIURP
DXVWHQLWHPDUWHQLWHEDLQLWHWRIHUULWH<RQJWDR=KDRHWDO>@IRXQGPDUWHQVLWHVWHHOKDGORZHUOHYHORIFRUURVLRQ
UHVLVWDQFH WKDQ DXVWHQLWH VWHHO 6KXDL =KDQJ HW DO >@ VWXGLHG IHUULWLF DQG SHDUOLWLF GXDO SKDVH VWHHO ZDV PRUH
VXVFHSWLYHWKDQWKDWRIWKHEDLQLWLFVWHHO)DU]DG0RKDPPGLHWDO>@VKRZHGWKHSUHVHQFHRIPDUWHQVLWHDXVWHQLWH
SKDVHKDGDKLJKHUSRWHQWLDOWKDQWKDWRIEDLQLWH3UHFLSLWDWLRQVRIFDUELGHVRU&U1GXHWRKHDWWUHDWPHQWFRXOGDOVR
DJJUDQGL]HFRUURVLRQVXVFHSWLELOLW\>@,QDGGLWLRQVRPHVWXGLHVUHSRUWHGFRUURVLRQUHVLVWDQFH LQFUHDVHGZLWK
WKHGHFUHDVLQJRIWKHJUDLQVL]HV>@EXWVRPHUHVXOWVUHYHDOHGWKHFRQWUDU\FRQFOXVLRQ>@(YHQPRUHVRPH
FRUUHODWLRQPD\H[LVWEHWZHHQKDUGQHVVDQGFRUURVLRQVLQFHERWKRIWKHPFKDQJHZLWKWKHYDULRXVPLFURVWUXFWXUHVLQ
WKHUHOHYDQW]RQHV',3DQWHOLVHWDO>@UHYHDOHGWKDWWKHFRUURVLRQUHVLVWDQFHLQFUHDVHGDVWKHKDUGQHVVLQFUHDVHG
GXH WR WKH IRUPLQJ RIPDUWHQVLWHV0RVWDID$OL]DGHK HW DO>@ DQG6DMMDG%RUEXU HW DO >@ ERWK UHSRUWHG WKDW WKH
KLJKHUKDUGQHVVZLWKWKHILQHUJUDLQVL]HFRXOGSURPRWHWKHFRUURVLRQUHVLVWDQFHLQFUHDVLQJ+RZHYHUˈLQ WKHSDVW
\HDUVUDUHUHVHDUFKHVKDYHVWXGLHGFRUUHODWLRQEHWZHHQPLFURVWUXFWXUHKDUGQHVVDQGFRUURVLRQLQGLIIHUHQW]RQHVRI
ZHOGHGURWRUV7KHSUHVHQWZRUNLV WRVWXG\WKHFRUUHODWLRQEHWZHHQPLFURVWUXFWXUHKDUGQHVVDQGFRUURVLRQRI WKH
WKUHHGLIIHUHQW]RQHVZKLFKLQFOXGH%0+$=DQG:0RIZHOGHGURWRUVLQWHUPVRIWKHWUDGLWLRQDOPLFURKDUGQHVV
WHVWLQJ DQG WKH SRWHQWLRG\QDPLF SRODUL]DWLRQ H[SHULPHQWV0RUHRYHU LW ZLOO GLVFRYHU\ WKH UHJLRQ ZLWK WKH PRVW
FRUURVLRQVXVFHSWLELOLW\ZKLFKJRYHUQVWKHFRUURVLRQSURSHUW\RIWKHZHOGHGMRLQWV
0DWHULDOVDQG([SHULPHQWV
2.1. Test materials 
,QWKHSUHVHQWZRUNWKHGLVFVWHHO&U1L0R9DIWHUIRUJLQJZDVZHOGHGWRJHWKHUE\XVLQJDXWRPDWLFDUJRQ
ZHOGLQJ$0$:DQGVXEPHUJHGDUFZHOGLQJ6$:WHFKQLTXHV$VVKRZQLQ)LJ$0$:ZDVDWWKHERWWRP
ZKLOH6$:ZDVDWWKHWRSDQGWKHSUHVHQWZRUNRQO\VWXGLHVWKHSDUWRI6$:7KHFKHPLFDOFRPSRVLWLRQVRIEDVH
PHWDO%0ZDVLQPDVV&6L0Q36&U1L0R9EDO)HDQGRIWKH
ZHOGPHWDO:0ZDVLQPDVV&6L0Q36&U1L0REDO)H
3ULRUWRZHOGLQJIRUJHG%0ZDVTXHQFKHGDWaćIRUHQRXJKWLPHZLWKZDWHUVSUD\LQJWRJHWEHWWHUSKDVHV
DQG WHPSHUHGRYHUć IRU ORQJ WLPHZLWKDFRQVWDQWYHORFLW\ WRFRRO$IWHU URXJKPDFKLQLQJ IRUJHG%0ZDV
DQQHDOHGDWORZHU²ćWKDQWKHODVWWHPSHUHGWHPSHUDWXUHIRUVWUHVVUHOLHYLQJEHIRUHZHOGLQJ3RVWZHOGKHDW
WUHDWPHQW 3:+7ZLWKć IRUKZDVSHUIRUPHG WR UHOLHYH WKH UHVLGXDOZHOGLQJ VWUHVVDQGJHW WKHSURSHU
PHFKDQLFDOSURSHUWLHV

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 
)LJ6FKHPDWLFRIWKHZHOGHGMRLQWVRIURWRUVWHHOV
2.2. Microstructural observations 
6SHFLPHQVZLWKîîPPZHUHREWDLQHGIURPWKHZHOGHG MRLQWVZLWK+$=LQ WKHPLGGOH7KH\ZHUHZHW
JURXQGHGZLWKDQGJULWVVLOLFRQFDUELGHHPHU\SDSHUDQG WKHQPHFKDQLFDOO\
SROLVKHG $IWHU FKHPLFDOO\ HWFKLQJ ZLWK  +12 DQG HWKDQRO GLIIHUHQW FKDUDFWHULVWLF PLFURVWUXFWXUHV ZHUH
REVHUYHGE\RSWLFDOPLFURVFRSH20DQGVFDQQLQJHOHFWURQPLFURVFRSH6(0
2.3. Hardness measurement 
$IWHU PLFURVWUXFWXUH REVHUYDWLRQV PLFURKDUQHVV PHDVXUHPHQWV ZHUH FRQGXFWHG RQ D KDUGQHVV WHVWHU +;'
70ZLWKKROGLQJORDGRI1IRUV
2.4. Potentiodynamic polarization measurements 
7ZRGLIIHUHQWNLQGVRIVSHFLPHQVZHUHFXWIURPGLIIHUHQW]RQHVîîPPIURP%0DQG:0DQGîî
PPIURP+$=GXHWRWKHUHVWULFWLYHVL]H7KH\ZHUHZHWJURXQGHGZLWKDQG
JULWV VLOLFRQ FDUELGH HPHU\ SDSHU DQG WKHQ FOHDQHG XOWUDVRQLFDOO\ ZLWK GHLRQL]HG ZDWHU DFHWRQH DQG DOFRKRO $
WUDGLWLRQDOWKUHHHOHFWURGHHOHFWURFKHPLFDOFHOOV\VWHPZDVFRQGXFWHGLQWKHGHLRQL]HGZDWHUZLWKWKHVSHFLPHQVDV
WKHZRUNLQJHOHFWURGHDVDWXUDWHGFDORPHOHOHFWURGHDV WKH UHIHUHQFHHOHFWURGHDQGD3WHOHFWURGHDV WKHDX[LOLDU\
HOHFWURGH 7KHPHDVXUHPHQWV ZHUH VWDUWHGZLWK RSHQ FLUFXLW SRWHQWLDO 2&3 WHVW IRU  K WR JHW D VWDEOH (2&3
3RWHQLRG\QDPLFSRODUL]DWLRQH[SHULPHQWVZHUHSHUIRUPHGZLWKWKHG\QDPLFSRWHQWLDOYDU\LQJIURP(2&39WR
(2&39DQGVWHSRI ή ݏିଵWRREWDLQ WKHSRODUL]DWLRQFXUYHV ,QDGGLWLRQ WKHFRUURVLRQSRWHQWLDODQG
FXUUHQWGHQVLW\RIGLIIHUHQW]RQHVZHUHDFTXLUHGIURPWKHSRODUL]DWLRQFXUYHV
5HVXOWVDQG'LVFXVVLRQ
3.1. Microstructural observations 
3.1.1. Microstructures of base metal (BM) 
0LFURVWUXFWXUHVRI%0DUHVKRZQLQ)LJE\XVLQJ20DQG6(0)LJDDQGEVKRZPLFURVWUXFWXUHVRI
%0 FRQVLVW RI ODUJH DQG EORFNHG WHPSHUHGPDUWHQVLWHV ZLWK WKH DYHUDJH VL]H RI  XP ZKLOH OLWWOH JUDQXODU
WHPSHUHGEDLQLWHVDUHREVHUYHGLQVRPHJUDLQV)LJFVKRZVREYLRXVO\LUUHJXODUSUHFLSLWDWLRQVRIFDUELGHVRQWKH
ODWKHVRIWHPSHUHGPDUWHQVLWHVDQGDORQJWKHODWKERXQGDULHV
D E
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 
)LJ0LFURVWUXFWXUHVRI%0DUHREVHUYHGE\20DDQG6(0EDQGF



 
)LJ0LFURVWUXFWXUHVRIILQHJUDLQ]RQHDUHREVHUYHGE\20DDQG6(0EDQGF
3.1.2. Microstructures of heat affected zones (HAZ) 
+HDW DIIHFWHG ]RQH LV FRPSRVHG RI WZR ]RQHV ILQH JUDLQ ]RQH DQG FRDUVH JUDLQ ]RQH )LJ  VKRZV
PLFURVWUXFWXUHVRIILQHJUDLQ]RQHLQWKH+$=$VVHHQLQ)LJWKHPLFURVWUXFWXUHVDUHIXOORIJUDQXODUWHPSHUHG
PDUWHQVLWHVZKLFKDUHUHVXOWHGRIWKH³WHPSHULQJSURFHVV´GXHWRWKHZHOGLQJDQGSRVWZHOGLQJKHDWWUHDWPHQWWKXV
WKHILQHJUDLQ]RQHLVDOVRQDPHG³WHPSHUHG]RQH´7KLVNLQGRIJUDQXODUWHPSHUHGPDUWHQVLWHVFRPSRVLQJRIIHUULWHV
DQGFDUELGHVIRUPZKHQWKHWHPSHUHGWHPSHUDWXUHYDULHVIURPWRć,QDGGLWLRQWKHDYHUDJHVL]HLQWKLV
]RQHLVXP
)LJXUHVKRZVPLFURVWUXFWXUHVRIFRDUVHJUDLQ]RQHV%HIRUH3:+7WKHJUDLQVLQ%0QHDU:0DUHFRDUVHQE\
PXOWLZHOGLQJ SURFHVVZLWK KHDW FLUFOH HTXDO WR ³PXOWLWHPSHULQJ SURFHVV´ DW WKH KLJKHU WHPSHUDWXUHZKLFK DOVR
D
E F
D
E F
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PDNHVWKLV]RQHQDPHG³IXOO\WHPSHUHG]RQH´$VSUHVHQWHGLQWKH)LJPLFURVWUXFWXUHVDUHPDLQO\ODUJHEORFNHG
WHPSHUHGPDUWHQVLWHVVXUURXQGHGE\JUDQXODUWHPSHUHGEDLQLWHV7KHDYHUDJHJUDLQVL]HRIFRDUVHJUDLQ]RQHLV
XPE\PHDVXUHPHQWRQWKHJUDSKVRIPHWDOOLFSKDVH7KHSUHFLSLWDWLRQVRIFDUELGHVLQFUHDVHPRUHFRPSDULVRQZLWK
%0RQWKHODWK\PDUWHQVLWHVDQGDORQJWKHERXQGDULHVDVVKRZQLQWKH)LJF,QDGGLWLRQLWLVREYLRXVWRILQGWKDW
WKHODWK\ZLGWKRIPDUWHQVLWHVRIFRDUVHJUDLQ]RQHZLWKWKHDYHUDJHZLGWKEHLQJXPLVPXFKELJJHUWKDQWKDWRI
%0ZLWKXP


 
)LJ0LFURVWUXFWXUHVRIFRDUVHJUDLQ]RQHDUHREVHUYHGE\20D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

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)LJ0LFURVWUXFWXUHVRI:0DUHREVHUYHGE\20D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3.1.3. Microstructures of WM 
)LJXUHDDQGEVKRZWHPSHUHGQHHGOHOLNHEDLQLWHVGLVWULEXWHUHJXODUO\LQWKHWHPSHUHGPDUWHQVLWHPDWUL[HV
DQGWKHQHHGOHOLNHEDLQLWHVDUHGRPLQDWLQJFRQWHQWRIPLFURVWUXFWXUHV$FFRUGLQJWRWKH)LJFOLWWOHRIFDUELGHV
SUHFLSLWDWH RQ WKH QHHGOHOLNH EDLQLWHV DQG DORQJ WKH ERXQGDULHV&RQWUDVW WR RWKHU ]RQHV RI WKHZHOGHG MRLQWV WKH
SUHFLSLWDWLRQVRI FDUELGHVGHFUHDVHREYLRXVO\ DQGPRVW RI WKHPSUHFLSLWDWH QHDU WKHERXQGDULHV RIEDLQLWHVZKLFK
PD\ EH FDXVHG WKH ORZHU FDUERQ LQ WKH :0 /LWWOH DPRXQW RI įIHUULWHV UDQGRPO\ GLVWULEXWH LQ WKH :0 DQG
HVSHFLDOO\ WKH]RQHQHDU WKHIXVLRQOLQHVRPHPRUHEORFNHGįIHUULWHVIRUPKHUHGXHWR WKHPXOWLZHOGLQJSURFHVV
ZLWKKLJKWHPSHUDWXUHDVVKRZQLQWKH)LJ


)LJ0LFURVWUXFWXUHVRIWKH]RQHVQHDUWKHIXVLRQOLQHDUHREVHUYHGE\20


)LJ+DUGQHVVGLVWULEXWLRQIURPWKHIXVLRQOLQHRIWKHZHOGHGMRLQWV
3.2. Correlation between microstructure and hardness 
)LJXUHGLVSOD\VPLFURKDUGQHVVGLVWULEXWLRQVLQGLIIHUHQW]RQHVRI WKHZHOGHGMRLQWV7KHUHVXOWFOHDUO\VKRZV
WKDWWKHKDUGQHVVLQ+$=LVWKHKLJKHVWDQGWKHORZHVWLV%0,QDGGLWLRQWKHKDUGQHVVGHFUHDVHVTXLFNO\IURP+$=
WR %0 RU :0 +DUGQHVV GHSHQGV RQ VRPH FKDUDFWHULVWLF PLFURVWUXFWXUHV VXFK DV WKH JUDLQ VL]H WKH W\SH RI
PLFURVWUXFWXUHDQGWKHFDUERQFRQWHQWVRRQ7KHJUDLQVL]HRI+$=LVWKHVPDOOHVWHVSHFLDOO\LQWKHILQHJUDLQ]RQH
DQGWKHPDMRULW\PLFURVWUXFWXUHVRIWKHFRDUVHJUDLQ]RQHDUHWHPSHUHGODWK\PDUWHQVLWHVZLWKKLJKKDUGQHVVZKLFK
OHDGV WKHKDUGQHVVYDOXHRI+$= WREHLQJ WKH ODUJHVW FRPSDULVRQZLWK WKDWRI%00/=KXHW DO DOVR IRXQG WKH
VLPLODUKDUGQHVVGLVWULEXWLRQRID1L&U0R9VWHHOZHOGHGMRLQWZLWKWKHSRVWZHOGKHDWWUHDWPHQWDWćIRUK
7KH\IRXQGWKHKDUGQHVVJURZQZLWKWKHZLGWKRIWHPSHUHGPDUWHQVLWHVODWKLQFUHDVLQJDQGWKLVFRQFOXVLRQZDVDOVR
DSSOLHGWRWKHSUHVHQWZRUN(YHQPRUHFRPSDUHWKH)LJFDQGWKH)LJFFDUELGHVSUHFLSLWDWHPXFKPRUHDV
WKHODWK\ZLGWKLQFUHDVHZKLFKDOVRHQODUJHVWKHKDUGQHVV)URPWKHFRDUVHJUDLQ]RQHWR:0WKHKDUGQHVVSOXQJHV
WR DQ H[WUHPHO\ ORZYDOXH7KLVPD\ EH FDXVHGE\ WKH H[LVWHQFHRI EORFNHG įIHUULWH LQ:0ZKRVH KDUGQHVV LV
PXFKORZHUWKDQWKDWRIPDUWHQVLWHV,QDGGLWLRQWKHFRQWHQWRIFDUERQLQWKH:0LVORZHUWKDQWKDWRIWKH+$=
HVSHFLDOO\WKH]RQHQHDUWKHIXVLRQOLQHZKHUHVRPHFDUWRQHOHPHQWPRYHVLQWR+$=IURP:0GXULQJWKHZHOGLQJ
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SURFHVV$FFRUGLQJ WR)LJ WKHPDMRULW\PLFURVWUXFWXUHVDUH WHPSHUHGEDLQLWHVZLWK ORZHUKDUGQHVV WKDQ WKDWRI
PDUWHQVLWHVPD\EHDQRWKHUUHDVRQWKDWPDNHVKDUGQHVVRI:0GHFUHDVH
&RPSDUHWKHPLFURVWUXFWXUHVRI:0DQG%0DVVKRZQLQ)LJDQG)LJLWLVFOHDUWRILQGWKDWWKHDPRXQWRI
PDUWHQVWHVLQWKH%0LVKLJKHUWKDQWKDWRI:0EXWWKHKDUGQHVVRI:0LVELJJHUWKDQWKDWRI%0ZKLFKLQGLFDWHV
WKDW KDUGQHVV GRHVQ¶W RQO\ GHSHQG RQ WKH DPRXQW RI PDUWHQVLWHV 7KDW LV WR VD\ KDUGQHVV GHSHQGV RQ PXOWL
SDUDPHWHUV )0RKDPPDGL HW DO DOVR UHYHDOHG WKDW KDUGQHVVZDV QRW D IXQFWLRQRI WKHPDUWHQVLWH FRQWHQW DQG LW
FRXOG LQFUHDVHDV WKHEDLQLWHFRQWHQW LQFUHDVHG7KHJUDLQVL]H LQ:0LVPXFKVPDOOHU WKDQ WKDWRI%0DQGKLJK
GHQVLW\RIGLVORFDWLRQVGXHWRWKHZHOGLQJSURFHVVZLWKKHDWLQJDQGFRROLQJPD\PDNHWKHKDUGQHVVRI:0LQFUHDVH
DOWKRXJK3:+7UHGXFHVWKHGHQVLW\RIGLVORFDWLRQVWRVRPHH[WHQW


)LJ7KHSRODUL]DWLRQFXUYHVRIGLIIHUHQW]RQHVRIWKHZHOGHGMRLQWV
7DEOH7KHFRUURVLRQSRWHQWLDODQGFXUUHQWGHQVLW\RIGLIIHUHQW]RQHVRIWKHZHOGHG
MRLQWVWKURXJKWKHSRODUL]DWLRQFXUYHV
=RQH &RUURVLRQ3RWHQWLDO9 &XUUHQW'HQVLW\˄$FP˅
%0  (
+$=  (
:0  (
3.3. Correlation between microstructure and corrosion 
)LJXUHVKRZVWKHSRODUL]DWLRQFXUYHVRIGLIIHUHQW]RQHVDQG7DEOHOLVWVWKHFRUURVLRQSRWHQWLDODQGWKHFXUUHQW
GHQVLW\RIGLIIHUHQW ]RQHV WKURXJK WKHSRODUL]DWLRQ FXUYHV7KHKLJKHU FRUURVLRQSRWHQWLDO LV WKHKLJKHU FRUURVLRQ
UHVLVWDQFH LV$V GLVSOD\HG LQ )LJ  DQG7DEOH  WKH FRUURVLRQ UHVLVWDQFH RI+$= LV WKH EHVW DQG WKH FRUURVLRQ
UHVLVWDQFH RI:0 LV WKH ZRUVW &RUURVLRQ VXVFHSWLELOLW\ GHSHQGV RQ GLIIHUHQW PLFURVWUXFWXUHV VXFK DV W\SHV RI
PLFURVWUXFWXUHV WKH JUDLQ VL]H DQG SUHFLSLWDWLRQV RI FDUELGHV VR RQ0DQ\ UHVHDUFKHV UHYHDOHG WKDW WKH FRUURVLRQ
VXVFHSWLELOLW\LQFUHDVHVZLWKDXVWHQLWHPDUWHQVLWHEDLQLWHDQGIHUULWHLQRUGHU7KHPLFURVWUXFWXUHVLQ+$=DQG%0
FRQVLVW SUHGRPLQDWHO\RI WHPSHUHGPDUWHQVLWHVZKLOH WKHPDMRULW\PLFURVWUXFWXUHVRI:0DUH WHPSHUHGEDLQLWHV
ZKLFKFDXVHVWKHREYLRXVGLVWLQFWLRQRIFRUURVLRQVXVFHSWLELOLW\DPRQJ+$=%0DQG:00RUHRYHUOLWWOHDPRXQW
RI įIHUULWHV UDQGRPO\ GLVWULEXWLQJ LQ WKH :0 OHDGV WR WKH IXUWKHU LQFUHDVLQJ FRUURVLRQ VXVFHSWLELOLW\ VLQFH WKH
FRUURVLRQ UHVLVWDQFH RI IHUULWH LV WKH ZRUVW DPRQJ PDUWHQVLWHV EDLQLWHV DQG IHUULWHV ,Q DGGLWLRQ PDQ\ GHIHFWV
KHWHURJHQHLW\ RI FKHPLFDO HOHPHQWV DQGPLFURVWUXFWXUHV DQG GLVORFDWLRQV LQ:0GXH WR WKHZHOGHGSURFHVVZLWK
KHDWLQJDQGFRROLQJPD\DOVRDJJUDYDWHWKHFRUURVLRQVXVFHSWLELOLW\$WODVWDFFRUGLQJWRPLFURVWUXFWXUHVLQ)LJ
)LJDQG)LJWKHVPDOOHUJUDLQVL]HLQ+$=HVSHFLDOO\LQWKHILQHJUDLQ]RQHGHFUHDVHVFRUURVLRQVXVFHSWLELOLW\
FRPSDUHGZLWKWKDWRI%0
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3.4. Correlation between hardness and corrosion 
0DQ\UHVHDUFKHVUHYHDOHGWKDWVRPHFRUUHODWLRQVH[LVWHGEHWZHHQKDUGQHVVDQGFRUURVLRQ6RPHVWXGLHVVKRZHG
WKHFRUURVLRQUHVLVWDQFHLQFUHDVHGDVWKHKDUGQHVVLQFUHDVHGGXHWRWKHILQHUJUDLQVL]HDQGWKHLQFUHDVLQJPDUWHQVLWH
FRQWHQW >@ +RZHYHU * $ =KDQJ HW DO GHPRQVWUDWHG WKH FRUURVLRQ UHVLVWDQFH GHFUHDVHG ZLWK WKH KDUGQHVV
LQFUHDVLQJ EHFDXVH RI WKH LQFUHDVLQJ FRQWHQW RI PDUWHQVLWHV DQG EDLQLWHV >@ &RPSDUH WKH FRUUHODWLRQ EHWZHHQ
KDUGQHVVDQGFRUURVLRQRIGLIIHUHQW]RQHVLQWKHSUHVHQWZRUNWKHUHLVQRWDUHJXODUFRUUHODWLRQVLQFHWKHKDUGQHVVRI
%0:0DQG+$= LQFUHDVHV LQRUGHU EXW WKH FRUURVLRQ UHVLVWDQFH UDQNV LQFUHDVLQJO\ZLWK:0%0DQG+$=
%RWKKDUGQHVVGLVWULEXWLRQDQGFRUURVLRQUHVLVWDQFHGHSHQGRQFKDUDFWHULVWLFPLFURVWUXFWXUHVˈZKLFKFKDQJHZLWK
GLIIHUHQW ]RQHV RI WKH ZHOGHG MRLQWV ,Q DGGLWLRQ GLIIHUHQW FKDUDFWHULVWLF PLFURVWUXFWXUHV ZLWK YDULHG GHJUHHV RI
FRUURVLRQVXVFHSWLELOLW\DQGKDUGQHVVDOVROHDGWRYDULRXVFRUURVLRQUHVLVWDQFHDQGKDUGQHVVGLVWULEXWLRQ7KURXJKWKH
REVHUYDWLRQV RI WKHPLFURVWUXFWXUHV LQ %0 DQG+$= WHPSHUHGPDUWHQVLWHV DUH WKHPDMRULW\PLFURVWUXFWXUHV WKH
DYHUDJHJUDLQVL]HRI%0LVPXFKODUJHUWKDQWKDWRI+$=EXWWKHFDUELGHVSUHFLSLWDWHPRUHLQWKH+$=WKDQWKDWRI
%0+DUGQHVVYDOXHLQFUHDVHVDVWKHJUDLQVL]HGHFUHDVHVDQGWKHSUHFLSLWDWLRQVRIFDUELGHVLQFUHDVH7KHFRUURVLRQ
VXVFHSWLELOLW\LQFUHDVHVZLWKWKHLQFUHDVLQJJUDLQVL]HDQGWKHPRUHSUHFLSLWDWLRQVRIFDUELGHV,WLVFOHDUO\FRQFOXGHG
WKDWERWKWKHVPDOOHUJUDLQVL]HDQGWKHPRUHSUHFLSLWDWLRQVRIFDUELGHVSURPRWHWKHKDUGQHVVLQFUHDVLQJEXWRQO\WKH
VPDOOHU JUDLQ VL]H LQFUHDVHV WKH FRUURVLRQ UHVLVWDQFH 7KLV PD\ EH FDXVHG E\ GLIIHUHQW HIIHFWV RI YDULRXV
PLFURVWUXFWXUHVRQ WKHKDUGQHVVDQGFRUURVLRQ ,QDGGLWLRQDVVKRZQ LQ)LJDQG)LJ WKHKDUGQHVVRI%0LV
VPDOOHUWKDQWKDWRI:0EXWFRUURVLRQUHVLVWDQFHRI%0LVKLJKHUWKDQWKDWRI:07KHILQHUJUDLQVL]HDQGPRUH
GLVORFDWLRQVHQODUJHWKHKDUGQHVVRI:0DOWKRXJKWKHKDUGQHVVRIWHPSHUHGPDUWHQVLWHVH[LVWLQJSUHGRPLQDWHO\LQ
%0 LVKLJKHU WKDQ WKDWRI WHPSHUHGEDLQLWHV ZKLFK DUH WKHPDMRULW\PLFURVWUXFWXUHVRI:0+RZHYHU WKHPRUH
FRQWHQW RI EDLQLWHV DQG IHUULWHV WKH KLJKHU GHQVLW\ RI GLVORFDWLRQV DQG WKH LQFUHDVLQJ GHIHFWV OHDG WKH FRUURVLRQ
UHVLVWDQFHRI:0WRGHFUHDVLQJDQGWKHPRUHFRQWHQWRIPDUWHQVLWHVLQFUHDVHWKHFRUURVLRQUHVLVWDQFHRI%0ZKRVH
JUDLQ VL]H LV ELJJHU WKDQ WKDW RI :0 7KXV DFFRUGLQJ WR WKH SUHVHQW ZRUNV ZKHQ GLIIHUHQW FKDUDFWHULVWLF
PLFURVWUXFWXUHV H[LVW LQ WKH VDPH ]RQH WKH KDUGQHVV DQG FRUURVLRQ UHVLVWDQFH FRXOG QRW EH GHWHUPLQHG E\ RQH
PLFURVWUXFWXUHDQGQRFHUWDLQFRUUHODWLRQH[LVWVEHWZHHQKDUGQHVVDQGFRUURVLRQHVSHFLDOO\WKHFRUUHVSRQGLQJ]RQH
FRQVLVWLQJRIYDULRXVFKDUDFWHULVWLFPLFURVWUXFWXUHV
&RQFOXVLRQV
7KURXJKFRPSDULQJ WKHFRUUHODWLRQVEHWZHHQPLFURVWUXFWXUHVKDUGQHVVGLVWULEXWLRQDQGFRUURVLRQ UHVLVWDQFHRI
GLIIHUHQW]RQHVLQWKHZHOGHGMRLQWVRIURWRUVWHHOLWLVFRQFOXGHGWKDW
7KHKDUGQHVVYDOXHLQFUHDVHVDV%0:0DQG+$=LQRUGHUEXWWKHFRUURVLRQUHVLVWDQFHUDQNVLQFUHDVLQJO\
ZLWK:0%0DQG+$=,W LVFRQFOXGHG WKDWQRFHUWDLQFRUUHODWLRQH[LVWVEHWZHHQKDUGQHVVDQGFRUURVLRQ LQ WKH
]RQHVZLWKYDULRXVPLFURVWUXFWXUHV7KLVLVUHVXOWRIWKDWERWKKDUGQHVVGLVWULEXWLRQDQGFRUURVLRQUHVLVWDQFHGHSHQG
RQ GLIIHUHQW FKDUDFWHULVWLFPLFURVWUXFWXUHVZKLFK DUH FRQWULEXWLQJ YDULRXV GHJUHH WR WKH FRUURVLRQ UHVLVWDQFH DQG
KDUGQHVV
7KHLQFUHDVLQJSUHFLSLWDWLRQVRIFDUELGHVRQWKHODUJHUZLGWKRIODWK\PDUWHQVLWHVSURPRWHWKHKDUGQHVVYDOXH
LQFUHDVLQJDQGWKHFRUURVLRQUHVLVWDQFHGHFUHDVLQJ
7KHSUHVHQWZRUNVDOVRUHYHDOHGWKHFRUURVLRQUHVLVWDQFHRIPDUWHQVLWHEDLQLWHDQGIHUULWHGHFUHDVHVLQRUGHU
DQGWKHILQHUJUDLQVL]HHQODUJHVWKHKDUGQHVVDQGFRUURVLRQUHVLVWDQFH
5HIHUHQFH
>@ -*DWHV$$WUHQV,6PLWK0LFURVWUXFWXUHRIDVϋTXHQFKHG1L&U0R9URWRUVWHHO3DUW,*HQHUDOVWUXFWXUHDQGUHWDLQHGDXVWHQLWH
0DWHULDOZLVV:HUNVW
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:HUNVW
>@ 0/ =KX )= ;XDQ &RUUHODWLRQ EHWZHHQPLFURVWUXFWXUH KDUGQHVV DQG VWUHQJWK LQ+$= RI GLVVLPLODU ZHOGV RI URWRU VWHHOV0DWHU
6FL(QJ$
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
>@ ', 3DQWHOLV ( %RX\LRXUL 1 .RXORXPEL 3 9DVVLOLRX $ .RXWVRPLFKDOLV:HDU DQG FRUURVLRQ UHVLVWDQFH RI ODVHU VXUIDFH KDUGHQHG
VWUXFWXUDOVWHHO6XUI&RDW7HFKQRO
>@ 6%RUGEDU0$OL]DGHK6++DVKHPL(IIHFWVRIPLFURVWUXFWXUHDOWHUDWLRQRQFRUURVLRQEHKDYLRURIZHOGHGMRLQW LQ$3,;SLSHOLQH
VWHHO0DWHU'HVLJQ
>@ 0$OL]DGHK 6%RUGEDU7KH LQIOXHQFH RIPLFURVWUXFWXUH RQ WKH SURWHFWLYH SURSHUWLHV RI WKH FRUURVLRQ SURGXFW OD\HU JHQHUDWHG RQ WKH
ZHOGHG$3,;VWHHOLQFKORULGHVROXWLRQ&RUURV6FL
>@ 0' 3HUHGD&$*HUYDVL&/ /ORUHQWH 3'%LOPHV0LFURHOHFWURFKHPLFDO FRUURVLRQ VWXG\ RI VXSHUPDUWHQVLWLFZHOGV LQ FKORULGH
FRQWDLQLQJPHGLD&RUURV6FL
>@ 0'DGIDU0+)DWKL).DULP]DGHK05'DGIDU$6DDWFKL(IIHFWRI7,*ZHOGLQJRQFRUURVLRQEHKDYLRURI/VWDLQOHVV VWHHO
0DWHU/HWW
>@ <=KDR-'RQJ<0D/=KDR;3HL0HFKDQLFDODQG*DOYDQRFKHPLVWU\3URSHUW\9DULDWLRQZLWKLQ'LVVLPLODU0HWDO:HOGEHWZHHQ
&U1L7LDQG&U6WDLQOHVV6WHHO-0DWHU6FL7HFKQRO
>@ 6=KDQJ;3DQJ<:DQJ.*DR&RUURVLRQEHKDYLRURIVWHHOZLWKGLIIHUHQWPLFURVWUXFWXUHVXQGHUYDULRXVHODVWLFORDGLQJFRQGLWLRQV
&RUURV6FL
>@ )0RKDPPDGL))(OL\DQ$$OIDQWD]L&RUURVLRQRIVLPXODWHGZHOG+$=RI$3,;SLSHOLQHVWHHO&RUURV6FL
>@ 3%LOPHV&/ORUHQWH/6DLUH+XDPiQ/*DVVD&*HUYDVL0LFURVWUXFWXUHDQGSLWWLQJFRUURVLRQRI&U1L0RZHOGPHWDOV&RUURV
6FL
>@ %7/X=.&KHQ-//XR%03DWFKHWW=+;X3LWWLQJDQGVWUHVVFRUURVLRQFUDFNLQJEHKDYLRULQZHOGHGDXVWHQLWLFVWDLQOHVVVWHHO
(OHFWUR$FWD
>@ 960RXUD/'/LPD-03DUGDO$<.LQD55$&RUWH6607DYDUHV,QIOXHQFHRIPLFURVWUXFWXUHRQWKHFRUURVLRQUHVLVWDQFHRI
WKHGXSOH[VWDLQOHVVVWHHO81660DWHU&KDUDFW
>@ 6:DQJ 40D < /L &KDUDFWHUL]DWLRQ RIPLFURVWUXFWXUH PHFKDQLFDO SURSHUWLHV DQG FRUURVLRQ UHVLVWDQFH RI GLVVLPLODU ZHOGHG MRLQW
EHWZHHQGXSOH[VWDLQOHVVVWHHODQG0Q50DWHU'HVLJQ
>@ 6;/L<1+H65<X3<=KDQJ(YDOXDWLRQRI WKH HIIHFW RI JUDLQ VL]H RQ FKURPLXP FDUELGHSUHFLSLWDWLRQ DQG LQWHUJUDQXODU
FRUURVLRQRI/VWDLQOHVVVWHHO&RUURV6FL
>@ *$=KDQJ<)&KHQJ0LFURHOHFWURFKHPLFDOFKDUDFWHUL]DWLRQRIFRUURVLRQRIZHOGHG;SLSHOLQHVWHHO LQQHDUQHXWUDOS+VROXWLRQ
&RUURV6FL

